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Abatract

If the universe contains a near c¢ritical denaity of photinos which
are also assumed to constitute the dark matter in our galactic halo,
then gravitational trapplng by the sun and ensuing annihilation 1In the
solar core yieldas a significant flux of -250 MeV neutrinos, This
resyits in -2 neutrino-induced events per kton-vear in an underground

proton decay detector.

The photino, expected to be a stable, masaive relic of
aupersymmetry, 1s a promising dark matter candidate.' The photino mass
range that may be relevant to lnterpretatlona{ of CERN monojets
(1-10 Ge¥) also can yield a critical closure density for the universe.®
A critical denaity, aspatially [lat Friedmann cosmologlcal model
dominated by wmassive, weakly Interacting particles reconci{les several
outstanding cosmological iasues, including the i3sotropy of the microwave
background,* the 1ight element abundancesa,® and predictlona of
tnflatlonary coseology.® However a plausible weakly interacting dark
matter candidate 13 required, and the case for the photinoa seeas
especlally intriguing.

Two of us have recently noted” that if our galactic halo, known to
largely consisat of dark matter, 18 plausibly assumed to consist of the
same dark matter that binds the unlverse, then the identificatlion of Lhe
photino as the dark matter candidate leads to a unique, observable

signature. For a photino mass @3 - 3 GeV, photinoc annihilatlons In our

halo were found to lead to a detectable [lux of low energy cosmic ray



antiprotons, below the kinematlc threshold for secondary production by
high energy cosmic ray interaction with interateilar matter.

In this letter, we polnt out another stgnature OoF photino
annihllations. The sun gravitationally traps halo photlnos,®*® which
subsequently lose energy elastically and annlhilate in the solar core.
The yield of -~250 Me¥ neutrinos resulting from trapped photine
annihilations tn the sun is appreciable: it may be detectable In cngolng
underground experiments.

In the ensuing dil3cusslion, we will be interested in two
cross-sections Involvlng photinos; the elastic scattering cross-section
°E and the annihilation crosa-section 2. The present mass density of
photinos 13 basically determlned by uA at the tlme annihilations freeze
out. In order to achleve a cosmcological mass denalty corresponding'® to

=1, we need <av> |o_26cm35" {for he«1/2) where <ov>, . i3 the
1]

AF T
thermally averaged product of the annihilatlon crosa-sectlon and
relative velocity at the freezeout temperature. AL lower velocities,

the p-wave annihilation channel (3 3uppressed and

ovr, 2y
V>, = <ov>y p(1+0.04mf)

where m? 13 in GeV units and we have assumed that all acalar quark and
lepton masses are equal, In terma of the low energy annihilation

cross-section (Eq. 1}, we determine the elastlc acattering

cross-sectiont!

<ov>_, = 0,17 B <ov>
E .
A (2)
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where 8 = v/c.
Photino annihilations in the sun are of course subject to photinos
first hitting the sun and becoming trapped, Press and Spergel® have

calculated the trapplng rate and flnd that

trap _ 9,.1028 L e |
ﬂ; 9x10 n 936 Y300 me' 3 (3)

where n'. = 0.3 cm-3 and the average halo density of photinos
Ny =~ n_.m§'. 936 = 03110-36 em€ and G300 - /300 km 87! 0.9 is the rms
velocity of a halo photino in the solar neighborhood (= V372 x éalaetlc
rotation velocity in the solar nelghborhood for an lsothermal dark halo
model ).

The number of photinos in the sun c¢an diminish In one of two ways:
evaporation and/or annihilation. Stelgman et al.® and Presa and
Spergel’? have shown that unleas mg & 5 GeV, evaporation {3 not

important, Given the annihilation cross-sectlion (EQ. 1) the

annihilation rate (s

ann 3.2 54 2 -1
BRI « (4/3)%RonS <ovd,f o 5x1077ng/n )T <OV, aer s )
where n?(p) is the mean photing (proton} density in the sun, <°v>l.26 -
<av>A/10'250m3 371 and f 13 a density welghting factor (I ~ [ndv/R?V).

Hence trapping can maintaln a mean solar phoitino abundance
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The annihilation rate is thus set by the trapping rate.
The only annihilation products that can eacape from the 3solar
interior are the high energy neutrinoa, These typically are expected’

to have energles < p.os my. It 1s now relatively straightforward to

computs the expected flux of energstic neutrinos of type ¥, on earth

1 < Lrap 2 am™2 n~!
¢, = o N, KNy Fun(fA.U. )¢ cm" < B

Yy i
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~ 16K n a~! (6)
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where "v i3 the number of neutrinos of type vy produced {n each
1

annihilation.
The most easlly detectable process is the reaction Ge +pe+ neve
which has a cross-section ¢ = 7.5:10’38(Ev;09v)2cm2. Given the flux from

Eq. 6 we estimate the number of eventa (n a water detector per

kton-year,

where Np = 6.7-1031 is the number of protons in one kton of "20- Thus we

expect,



N. - 0.44 n

E ;300 my events/kton year (8)

- ] - = - ? - - -
for ve's with energy E; = 0.05my where H“e 2.5 and 936 0.028. Hence for
= > 5 GeV we expect NE > 2,2 events/kton year, This 18 comparable to

Y

the expected event rate from  atmospheric neutrinos'’*i**'s  pop
E - 250 MeV. We note that there has been reported an excess of neutrino
events around the 100~200 MeV range by the Kamiokande group!®?. Other
sourcea of high energy neutrinos have been discussed by Dar'",

It has been suggested®'®*'? that a population of weakly interacting
particlea inside the 3sun could 3solve the solar neutrino problem.
However Iin the case of photinos, the elastic scattering cross-section
appears to be too small for this effect to work.,'':!® -

In summary, we predict that the existence of a dark galactic halo
consiating of photinos leads to an appreclable flux of high energy
neutrinos on earth due to photino annihllations in the aun. We have
estimated the event rate {n a proton-decay Lype water detector and find
that the predicted event rate is comparable to atmospheric backgrounds,
This effect depends only on the exilstence of dark matter composed of
heavy (m > 5 GeV) weakly interacting particles, In the galactic halo.
Our results carry uncertainties primarily in the estimate of the
croas-aection and the number of neutrinos per decay channel, both of
which depend on the masses of scalar quarks and leptons. We consider
this in more detai) elsewhere''. Here we speclallzed by considering
phaetinos tn  particular but these results can be generalized to other
forms of dark matter such as sneutrinos where this effect may be

enhanced, In a forthcoming publication'' we look at these other



possibilities as well a3 a more detajled examination at the capabllity

of detection,
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